Fireflies in the coalmine: luciferase technologies in next-generation toxicity testing.
Whole-animal studies have been the mainstay of toxicity testing for decades. These approaches are too expensive and laborious to effectively characterize all of the chemicals currently in commercial use. In addition, there are social and ethical pressures to reduce, refine and replace animal testing in toxicology. The National Research Council (NRC) has outlined a new strategy to transition from animal-based tests to high throughput, cell-based assays and computational modeling approaches to characterize chemical toxicants. Critical to this vision, assays that measure toxicity pathways associated with adverse health effects must be developed. Bioluminescent assays are particularly well suited to the demands of next-generation toxicity testing because they measure a wide range of biological activities in a quantitative and high throughput manner. This review describes the limitations of traditional, animal-based toxicity testing and discusses the current and developing uses of bioluminescent technologies in next-generation testing based on three general assay formats: luciferase-limited assays, ATP-limited assays and luciferin-limited assays.